The studies of Cowgill and his associates2 3 indicate clearly that the metabolic rate is one factor determining the organism's requirement for vitamin B. Increase of this factor by the administration of thyroid7 and by means of forced exercise4 has been found to be associated with a rise in the vitamin B requirement. As an extension of this work it was deemed desirable to ascertain the effect, if any, of fever on the need for vitamin B, particularly so because fever is a feature common to so many different clinical conditions.
The studies of Cowgill and his associates2 3 indicate clearly that the metabolic rate is one factor determining the organism's requirement for vitamin B. Increase of this factor by the administration of thyroid7 and by means of forced exercise4 has been found to be associated with a rise in the vitamin B requirement. As an extension of this work it was deemed desirable to ascertain the effect, if any, of fever on the need for vitamin B, particularly so because fever is a feature common to so many different clinical conditions.
As a means of raising the temperature and metabolic rate artificially, the drug alpha dinitrophenol appeared to be an ideal agent. Animal experiments by Mayer, cited by Perkins'", and more recently by Magne , Mayer and Plantefol8, and Tainter and Cutting", have shown that the action of this compound is to increase cellular oxidation, with fever appearing secondarily when the rate of oxidation is increased so greatly as to overtax the temperature-regulating mechanisms of the body. It is possible to administer doses of 5 to 10 mgm. per kg. of body weight daily to dogs or rats without recognizable toxic effects. By utilizing the methods already devised in this laboratory for determining the vitamin B requirement of these animals, a comparison was made of this requirement under normal conditions and when the animals were receiving daily doses of the drug.
Methods
As in the previous studies from this laboratory, the criterion of the vitamin B requirement of each dog was based on maintenance of the appetite for the vitamin B-free experimental ration. When a dog receives sufficient vitamin B to "saturate" its tissues, and then, under uniform conditions, is fed the artificial diet Casein III', its vitamin B requirement bears an inverse relationship to the number of days which elapse before anorexia appears. In this investigation, the "saturation" of the tissues was accomplished by administering either 50 gm. of wheat germ* on one day, and 50 gm. of dried yeastt on the following day; or two daily doses of 50 gm. of the wheat germ followed by 10 gm. of dried liver extractt. This method of dosage insured that the animal had an opportunity to store in its tissues a maximum of vitamin B and also sufficient vitamin G (B2) so that shortage of the latter was not a factor operating to produce the anorexia in question. The number of days over which perfect appetite for the B-deficient experimental ration was maintained furnished a normal standard for each individual dog, which could be used as a basis of comparison with the period characteristic of the dinitrophenol experiments. When anorexia appeared, its specificity as a sign of beginning exhaustion of the tissue store of vitamin B was always checked by administration of beef extract, a material devoid of this vitamin; this having been found to yield a negative result, a test was then made with a small dose of some source of the vitamin and a positive effect on the anorexia noted. The beef extract invariably failed to restore the appetite, whereas the animals always ate the full amount of Casein III diet offered after having received a small separate dose of vitamin B. After a period of realimentation, the experiment was repeated under conditions as nearly identical as possible except that the animals now received daily doses of sodium dinitrophenol varying from 3 to 8 mg. per kg. of body weight. The drug was placed in gelatin capsules and a capsule was given daily by mouth. Observations were made on 7 dogs, in 2 of which the tests were repeated, making a total of 9 complete observations. Respiratory metabolism observations § with a closed circuit indirect calorimeter were made upon a number of the dogs, with special attention to dog 8, on which a total of 15 such experiments were * Embo furnished by General Mills, Inc., Minneapolis, Minn. performed, and dog 5, on which 7 observations were made. The accuracy of the apparatus was confirmed by frequent alcohol checks. In this phase of the study, no experiments were considered in which gross manifestations of activity on the part of the animals were observed, as recorded on a kymograph by a pointer attached to the spirometer. The experiments consisted of (a) determinations of the basal metabolism made 19 to 22 hours after the last ingestion of food, during the period when the dogs were receiving the experimental ration but no dinitrophenol, and (b) determinations of the metabolic rate within 17 to 24 hours after eating and at times varying from 1 to 13 hours after administration of the drug. A few observations were made of the effect of dinitrophenol upon the vitamin B requirement of rats. In this species, either growth at a selected standard rate or maintenance of a steady weight level was the criterion used. A solution of sodium dinitrophenol in amounts equivalent to S mg. per kg. of body weight was administered daily to 12 female albino rats, each of which had at least one litter-mate control of the same sex which did not receive the drug. In some of the animals the vitamin B doses were regulated so as to permit growth at a standard rate, while in others only enough vitamin supplement was provided to allow maintenance of the body weight.
Results
The results, both of the appetite studies and of the metabolism observations on the dogs, are summarized in Table 1 . From these data it is evident that with the doses given, dinitrophenol had no effect on the vitamin B requirement, although it did bring about an increase in the basal metabolic rate. In four of the experiments there was a decrease in the time necessary to deplete the tissue store of vitamin B; in four other instances there was an increase, and in one case no difference was noted. The differences under "normal" conditions are rather large, indicating that normal variation characteristic of this type of experiment is considerable. In view of this fact, and in the absence of any consistent trend in the differences noted after dinitrophenol was administered, one must condude that this drug was without any demonstrable effect on the time required for the development of anorexia due to lack of vitamin B under these experimental conditions. I" I" 11. The metabolism determinations on dogs 8 and 5 gave very consistent results. After 5 mg. of sodium dinitrophenol per kg. of body weight had been given by mouth, the maximum increase over the basal metabolic rate was 70 per cent, occurring in the 3rd, 4th, and 5th hours after administration. An increase of 48.5 per cent was found to persist into the 8th hour. In other experiments, the increase of the metabolic rate over the basal was 39 per cent in the 8th hour, 33 per cent in the 9th, and 25 per cent in the 10th hour after the drug was given. The 11th hour metabolism was practically back, and the 13th hour marked an absolute return, to the basal level. These data are, of course, derived from a number of different experiments, since in no case did a dog remain in the metabolism chamber for more than four consecutive hours, of which the first was a preliminary period necessary for equilibration. By plotting a composite chart of all these experiments and measuring the area enclosed by a curve drawn through the points representing the increases over the basal metabolic rate, it was calculated that over a 24-hour period the average increase was about 22 per cent.
The increases in rectal temperature of the dogs were slight, ranging from no change to a maximum of 1.4°C., with an average of about 0.3°. The dogs did not pant, except for dog 3, even in hot weather. No evident movements of the animals took place in the metabolism chamber in the experiments here reported. The possibility that even though there was no obvious panting there might have been a slight degree of hyperventilation is contradicted by the fact that the respiratory quotients of dog 8 averaged 0.75 for the entire series of basal observations, and 0.75 for the dinitrophenol experiments, while those of dog S averaged respectively 0.73 and 0.74 for the corresponiding series. If there had been any overbreathing after administration of the drug it should have been expected to result in an increase in the amount of CO2 produced.
One interesting feature of the basal metabolic rate data may be mentioned. Although no correlation exists between the metabolic rates after dinitrophenol and the vitamin B requirements, nevertheless if the basal figures alone are considered, Table 1 suggests that there is a rough inverse relationship between the basal metabolic rate and the number of days of perfect appetite, in other words, a suggestion of a positive correlation between the basal metabolic rate and the vitamin B requirement. Dog 8, which showed an increase in the time required to deplete its vitamin store in a second series of experiments, and also showed a decrease in its basal metabolic rate, did not undergo much change in weight, but did exhibit a considerable change in its behavior, becoming more quiet and placid in disposition after being in the laboratory for some time. Dog 3, although probably at least one year old when received in the laboratory, was the youngest dog in the series.
In previous work, planned to elucidate the factors important in determining the vitamin B requirement in different species2 it was found that the body weight and the total metabolism, expressed in terms of total energy intake, were the variables of greatest interest. A single mathematical expression of their relationship is as follows:
It is of interest to determine the extent to which the data obtained in the present study confirm the previous work.
In experiments of the type reported in this paper, it is obvious that during each day of the period of perfect food intake a definite amount of the stored vitamin is utilized in metabolism or otherwise lost from the organism. If this period of perfect food intake is unusually long, there must have been either a greater supply of the vitamin or an unusually low demand for it in metabolism; and conversely, if this period embraces comparatively few days, either the amount of vitamin available in the store was lower, or the rate at which it was consumed was higher. Therefore, in testing such a mathematical expression as (a) above, one may substitute the number of days of perfect food intake for the VITAMIN variable and solve for values of the equating constant K. Comparison of these values of K should indicate the degree of validity to be attributed to the expression tested. The data required for such a test, and the results of the calculations are presented in Table 2 . Tests of similar expressions, in which the basal metabolic rate was used to represent the metabolism factor instead of total calories, gave values for the equating K varying so widely that such expressions were obviously of no value. It appears, therefore, that the data obtained in the present study confirm those reported previously and support the interpretation given them.
Negative results as to the effect of dinitrophenol on the vitamin B requirement were also obtained in the limited series of rats studied. The amounts of vitamin B concentrate necessary either for good growth or for maintenance at a practically constant body weight were almost identical in the rats receiving the drug and in their litter-mate controls. In one pair of animals, when vitamin B was withdrawn completely, while one rat continued to receive sodium dinitrophenol, the dedine in weight took place at equal rates and symptoms of polyneuritis developed at the same time. These experiments indicate that in the rat, as in the dog, doses of dinitrophenol of the size administered had no effect on the requirement of the organism for vitamin B.
Discussion In view of the numerous experiments by Cowgill and others, already cited, proving that under a variety of conditions the metabolic rate is an important factor in determining the vitamin B need of the organism, it is difficult to understand why a metabolic stimulant such as dinitrophenol should not cause a similar marked increase in the requirement of this essential food factor. The most likely explanation which we can offer is that the metabolic factor important in determining the vitamin B need is the total and not the basal metabolism; the data presented in Table 2 clearly support this view.
If a high basal metabolic rate is maintained throughout the full 24 hours and over many days, and this is associated with a total food intake higher than normal7, then to this extent one might suppose any change in the basal rate to be effective in altering the organism's need for vitamin B. In the previous studies which showed a positive effect of thyroid administration and forced exercise on the vitamin B requirement, there were significant changes in the total metabolism. Recently published work by Hall and Lindsay6 on the effect of dinitrophenol on rats indicates that this drug decreases the amount of voluntary exercise taken by the animals. It is possible that some such factor operating in our dogs and rats was sufficient to lower the total metabolism enough to counteract the 22 per cent increase produced by the average dose of dinitrophenol which we administered. Another possibility is that the drug may have a specific appetite-stimulating action great enough to offset and prevent the anorexia usually developed by depletion of the vitamin B store in the tissues. Clinical reports of the use of the drug in weight reduction appear to be contradictory with regard to its effect on the urge to eat. Some state that appetite is not increased (for example, Cutting, Mehrtens and Tainter5) while others9 remark that patients taking the drug are "always hungry."
Because of the very slight actual elevation of body temperature noted in our animals, the conditions of this study did not come up to our expectations in simulating clinical conditions in which fever is a prominent symptom. The common occurrence of fever in a wide variety of diseases renders it important to investigate further its effect, if any, on the organism's need for dietary essentials. From the inconclusive results of the present study, it is apparent that more drastic means must be adopted to produce experimental elevation of the metabolic rate in any investigation of this important problem.
Summary
The number of days of subsistence of dogs on an experimettal vitamin B-deficient ration, before anorexia appeared, was determined under "normal" conditions and when the animals were receiving daily doses of dinitrophenol. Observations were made on 7 dogs, in two of which the tests were repeated, making a total of 9 complete observations. In five of the dogs measurements were also made of the effect of the drug on the basal metabolic rate. Over a 24-hour period it is estimated that the administration of dinitrophenol produced an average increase in the basal rate of about 22 per cent. There was no demonstrable influence of the drug on the vitamin B requirement as estimated by the effect on the time required for the characteristic anorexia to develop. On the other hand, the data confirm previous work indicating that the total caloric intake and body weight are the most important factors determining the vitamin B requirement of the organism.
A few observations were made on the effect of dinitrophenol upon the vitamin B requirement of rats, in this case by measuring both the amount of this dietary essential needed to permit growth at a standard rate and the dosage required to secure only maintenance at practically a constant body weight. These experiments also yielded negative results.
